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Recently, capital investment amounts into Mississippi’s forest products industry have
been disproportionate compared with those in neighboring states. Reasons for this have been
casually hypothesized, but the topic has not been researched in depth. An economic model has
been developed that will aid stakeholders in examining and addressing this issue. The model
utilizes county-level data related to southern yellow pine (SYP) lumber manufacturing in tandem
with a linear programming solver to produce estimates of annual costs for a SYP sawmill built in
any southeastern county. Early results suggest that Mississippi has been an underutilized location
for investments in SYP lumber manufacturing based on the costs estimated by the model. The
model will be exceptionally useful to those involved in forest industry recruitment efforts
because it provides an objective method by which sites in Mississippi can be evaluated for
suitability in contrast with sites in neighboring states.
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CHAPTER I
INTRODUCTION AND BACKGROUND INFORMATION
Study Background
Accounting for 5% of jobs and over $3 billion in wages, the forest industry is an
important contributor to the people of Mississippi (Mississippi Forestry Association 2019).
Lumber, panel, paper, and pellet production facilities are often the only major employer in a
localized rural area, therefore making them key components of rural economies. This was seen
clearly in January 2019, when Georgia Pacific (GP) announced it would cease production and
lay off 650 employees at their Port Hudson, LA paper mill. Researchers estimated that for every
direct job terminated at this mill, as many as 0.35 indirect jobs were eliminated in the
surrounding area (Fannin and Tanger 2019). Later in that year, GP announced that production
would cease at two South Carolina facilities, affecting over 200 employees (Saunders 2019).
Undoubtedly, effects proportions similar to the Louisiana case were seen in the areas where these
mills operated. These are but three of many examples in which large forest products industry
facilities closed in recent years, causing disruptions in local economies. However, as mills have
closed, others have opened. Lang reports that since 2017, the top 10 producers of softwood
lumber in the United States (US) have increased their production capacity by 3.4 billion board
feet (2019). Assuming that these producers consume 4 tons of logs per one thousand board feet
(MBF) of lumber produced, this is equivalent to a 13.6-million-ton increase in the annual
demand for softwood sawtimber in the areas from which these expanding producers will
1

purchase their raw materials. Other sectors of the forest products industry have seen similar
growth. Paper and cardboard mills have announced capacity expansions and equipment
upgrades, and new projects are ongoing in the wood pellet industry at the time of this research
(Voegele 2019).
Though no southeastern state has been completely devoid of investments in recent years,
a preliminary study of 64 forest products industry investments in the US South since July 2014
indicates that Mississippi has received a disproportionately low level of attention when compared
to neighboring states (Griffin 2020). The results of this investigation are shown in Figure 1.

Figure 1

Relative levels of capital investment into the southeastern US forest products
industry

*Investments included were those made into pine and hardwood sawmills, plywood mills, paper
or packaging plants, and secondary manufacturing facilities such as those that produce crosslaminated timber.
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While differences in investment amounts should be expected to an extent, conventional wisdom
suggests that investment levels should have remained roughly equal from state to state given the
general similarities of southeastern states. Yet, Mississippi received less than one-fourth of the
amount received by Alabama over the same period. This is an issue commonly investigated by
affected Mississippi forest industry stakeholders, but little to no literature exists that speaks
directly to this problem. Mississippi’s neighboring states appear to have maintained a distinct
comparative advantage in forest products industry recruitment. Analyses to identify these
comparative advantages held by other states and further evaluate Mississippi’s potential to
support new mills in comparison to other states have undoubtedly been completed by select firms
seeking to locate new facilities, but results of such private studies are never released to the
public.
Given the above, it is apparent that a publicly available tool that neutrally estimates a
county’s potential to support new industry developments is needed. Such a tool would allow
economic developers or government officials to illustrate the distinct comparative advantages
offered by a site in Mississippi compared to other locations a firm may be considering. This
work describes the construction and use of such a model that has been developed to serve this
purpose, specifically for counties seeking new investments from manufacturers that intend to
produce southern yellow pine (Pinus spp.) (SYP). The SYP lumber industry was chosen since
investments from this sector comprised approximately 30% of the total investment dollars into
the forest products industry It is also noteworthy that 30% of these investments were made by
Canadian firms whom many expect to continue investing in the SYP lumber manufacturing
industry for several reasons (Koenig 2019).
The model employs a linear programming solver, county-level data relevant to lumber
3

production costs, and data relevant to lumber demand for a given county. Counties included are
those in Arkansas, Louisiana, Mississippi, Tennessee, Alabama, Georgia, Florida, South
Carolina, North Carolina, Virginia, and eastern Texas. Though the model is currently in beta
testing, once it is released for public use, it will greatly assist current and future forest industry
stakeholders in the recruitment and support of the SYP lumber industry in Mississippi.
Literature Review
The following literature review provides context for this work and reviews other studies
that have examined the facility location problem for the forest products industry.
Linear programming and forest industry applications
According to Anderson et al. (1990), “linear programming is a problem-solving approach
that has been developed to help managers make decisions”. The methodology has been widely
adopted and used in a variety of industries for decades. The goal of both the simplest and most
complex linear programming problem is to maximize or minimize some variable (i.e., profits or
costs) according to a set of linear mathematical constraints that usually represent fixed amounts
of resources. Linear programming has been proven a successful tool for modeling plywood mills,
sawmills, forestry field operations, and various other resource-related issues in the forest industry
(Field 1977).
Gautier et al. (2000) developed a linear programming model to assist Québec Ministry of
Natural Resources (MNR) officials in their understanding of the wood fiber markets in the
province. Though the wood fiber market in Québec operates freely, it was expected that this
model could help all parties involved in wood fiber trade better understand the components of
the market. Based on supply and demand-side data collected by the MNR, the research team was
4

able to model how fiber prices reacted under a range of different scenarios wherein supply and
demand levels were artificially changed.
Though the supply chain components differed greatly from those in this research, Abel
(1973) showed that linear programming was useful for locational planning in the forest products
industry in New Zealand. A local wood processing firm wanted to know if moving a processing
unit from one site to another would further minimize transportation costs. Abel’s model proved
that the company’s present distribution of supply chain components was already minimizing
transportation costs when compared to the newly proposed arrangement.
Comparative advantage theory
Much of classical economic theory assumes a perfectly competitive market (Hunt and
Morgan 1995). Hunt and Morgan suggest that the comparative advantage theory of competition
is superior and that it more closely replicates what occurs in markets nationwide. Essential
premises of comparative advantage theory that differ from the neoclassical theory are that firms
operate in a world where demand is heterogeneous, resources are both heterogeneous and
imperfectly mobile, and that competition is not simply a function of quantities or levels. They
surmised that the constant fluctuations and competitive shifts that make the United States’
economy unique are far more adequately described by the theory of comparative advantage.
Yu et al. (2008) utilized a normalized revealed comparative advantage index to evaluate
whether choice agricultural products of Hawaii had lost, maintained, or increased their ability to
be competitive versus the same products produced by the contiguous 48 states of the US. While
comparative advantage figures are not directly calculated in this model, as by Yu et al., the
premise remains the same.
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Economic models for forest product industry facility location
Since investments by the industry are data-driven, researchers have historically used
various types of economic models and data to identify regions of a study area that may contain
the elements needed for a successful facility. Hagadone and Grala used Poisson regression to
identify clusters of forest products industry players in Mississippi and further relate these clusters
to the presence, absence, or level of relevant variables (Hagadone and Grala 2012). They found
that forest products industry manufacturers in Mississippi demonstrated a tendency to develop
clusters and that the areas where these clusters occurred contained resources that made them
more competitive in the marketplace for their final product.
Sun and Zhang applied a conditional logit model (CLM) and a time-series cross-section
model (TSCS) to investigate state-level investment decisions made by forest products industry
participants (Sun and Zhang 2001). Both models utilized data describing the populations,
economies, policies, and forests of 9 southeastern states and attempted to decipher which factors
influenced forest products industry investments. Results indicated that personal income per
capita and raw material availability had a positive influence on industry recruitment, while
population density, tax rates, and energy costs had a negative influence. Holley (1970) used a
regional programming analysis to investigate the regional differences in production costs for the
lumber and plywood industries in the United States. The results of his analysis showed that at the
time, producers located in the southeastern United States held a distinct advantage over other
regions of the country because of comparatively lower transportation costs, lower logging costs,
and in the case of plywood – lower labor costs.
Zhang et al. (2011) attempted to discover the optimal location for a biofuel refinery in the
upper peninsula (U.P.) of Michigan using a two-stage methodology due to a growing national
6

interest in using sustainable fuels and reduction in greenhouse gas emissions in the US. In the
first stage, they utilized a geographic information system (GIS) to quickly identify which cities
and villages in the U.P. possessed the minimum characteristics necessary to support the proposed
facility. The metrics assessed included local pulpwood volumes, population estimates, and data
related to the presence or absence of state and federal transportation networks. This resulted in a
list of thirteen potential counties that were analyzed in stage two of the analysis. In stage two, a
total transportation cost model was used to estimate which location would incur the lowest
transportation costs for raw material transport if a plant was constructed in that location.
Utilizing this approach, it was ultimately concluded that the village of L’anse in Baraga County
would be the optimal location for a biofuel refinery based on the parameters.
In response to a growing Chilean forest products manufacturing industry, Troncoso and
Garrido (2005) developed a mixed-integer programming model that simultaneously optimized
forest production, facility location, and freight distribution problems for a theoretical vertically
integrated forest products company. The model contained three major transportation
components: the points at which timber could be produced, the point at which it was processed
and the final points to which they may ship lumber in their model (i.e. lumber markets). The
model contained 29,112 decision variables and 4,944 constraints. It was solved using LINGO
software by a Branch and Bound algorithm. The research team was able to effectively pinpoint a
site at which a facility would be most profitable given the constraints outlined in the model. An
interesting note is that this site was 150 kilometers from the largest demand point in the model.
Additionally, the model tested two additional scenarios to illuminate how the theorized facility
may respond to abrupt reductions in demand for lumber or drastic reductions in timber supply
due to an event such as a wildfire.
7

Anguilar (2009) studied the facility location of SYP lumber producers within the FPMI
by employing variations of Location Theory, New Economic Geography, and Cluster Theory.
He first completed a survey of southeastern lumber manufacturers, to which he applied a factor
analysis. The six latent factors determined to be important for sawmills were: “Policies,
Regulations and Services”, “Human Resources”, “Primary Resource Input”, “Industry
Competitiveness”, “Market Accessibility”, and “energy and other costs”. Based on the results
from this portion of the study, a Bayesian spatial autoregressive probit model and a traditional
non-spatial probit model were then used in an econometric analysis on counties across the
southeastern US to identify counties that might hold the important characteristics. The analysis
was based on data sources that characterized the latent factors that were of importance. The nonspatial model identified 21 southeastern counties where new softwood lumber industry
developments could occur, and the spatial model identified 22 southeastern counties where new
developments could occur and were likely to be successful. The results from both models
indicated that stumpage prices, labor availability, presence of a highway, availability of forests,
energy prices, and land values were the primary factors that drove current SYP lumber producers
to their present locations.
Summary
Additional research that explores varying methods of determining optimum forest
products industry facility location for various types of facilities can be found in the literature
(Vila et al. 2006, Lasode et al. 2015, Aksoy et al. 2010, Kühle et al. 2019). All of these
previously described studies are useful in their own right, however, their results tend to be
somewhat ambiguous. The model we have developed explicitly allows users to investigate the
financial and non-financial tradeoffs involved when a facility is built in one county as opposed to
8

another for any southeastern county. These are features that have not been included in publicized
economic models that are related to facility location in the forest products industry.
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CHAPTER II
MATERIALS, STRUCTURE, AND METHODS
Below is a discussion of the model’s data components, overall structure, and the methods
by which the model was compiled.
Materials
Delivered log costs
Because log costs typically make up over half of the operating expenses of a typical
sawmill (Clark 2016 and Spelter et al. 2009), it is pivotal that a model of this nature contains
accurate and objective data concerning raw material costs. Reliable delivered timber prices
(prices paid by the sawmill to the timber owner) are necessary for accurate results. Delivered
prices for the counties included in this model were collected from TimberMart-South, a leading
timber price reporter in the southeastern US (TMS 2019). There are two TMS zones within each
state by which the reported prices are summarized, and it was possible to assign each
southeastern county to one of these zones to calculate total raw material costs. Data collected by
organizations in individual states may take into account more than two regions per state,
however, these delivered prices collected by a single source more accurately reflect regional
timber price differences. Since prices were collected for all major products in the southeast, this
pricing data could also be useful for evaluating sites for facilities that produce other forest
products that require different classes of raw materials (i.e. hardwood sawmills, oriented strand
board mills, pellet mills).
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Lumber demand
The demand for a manufacturer’s product is a critical piece of information that those in
the business of facility location are often tasked with estimating. For a private company
intending to build a new facility, demand figures are probably known with some degree of
certainty based on their current order volume. However, because order volumes for locations
within a potential shipping region cannot be established without actual sales data from a sawmill,
a means of approximating lumber demand was established.
The total number of single-family and multi-family housing starts for 2018 in 381
metropolitan areas of the United States were obtained from the National Association of Home
Builders (NAHB) to estimate relative levels of lumber demand throughout the United States
(NAHB 2019). Some data points in the NAHB dataset listed several cities for a single housing
start number. In these cases, the most prominent city was chosen for the estimation of
transportation costs.
To estimate the lumber demand for each area, the housing start estimate was multiplied
by the average amount of lumber necessary to build a house or multi-family unit as reported by
the American Plywood Association (APA) (McKeever and Elling 2015). According to APA, in
2012, a single-family unit required 13,033 board feet of lumber and a multi-family unit required
4,570 board feet of lumber. Here it is assumed that an equal proportion of housing units are built
using lumber across all demand points – which is unlikely. Additionally, the demand figure does
not account for lumber that is being used in the remodeling of homes or businesses. Regardless,
the figures serve as a good indicator of the relative levels of lumber demand throughout the
United States. The demand points, as well as the US Census Bureau regions in which they are
located, can be seen in Appendix A (US Census Bureau 2019).
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Transportation costs
The Bureau of Transportation Services estimates that the final demand for transportation
accounted for 9 percent of the United States’ Gross Domestic Product (Bureau of Transportation
Statistics 2018). This figure is indicative of the importance and costs of transportation for all
types of industries, and the SYP lumber manufacturing industry is no exception. Accurate
mileages from prospective mill counties to the end-use product markets discussed in the section
above are important. These mileage values were calculated by integrating the Bing Maps API
into Microsoft Excel and calculating mileages between all possible mill source locations in the
southeast and the above-described end-product market locations (Bing Maps 2019). For each
county, it was assumed that the mill site would be in the county seat. The original table
containing all possible source-destination combinations was created using the programming
language R and was then converted to an Excel workbook where the mileage calculations were
carried out in additional columns. There are 420,624 source-destination pairs with a
corresponding mileage value.
Although customers of sawmills generally pay freight charges when purchasing lumber,
this information is still included in the model because it must be considered when evaluating
plant locations. It directly impacts a firm’s ability to compete for sales since lumber markets are
in essence commodity markets and buyers will, in most instances, buy a comparable product
from a closer sawmill to avoid paying higher transportation costs.
Electricity costs
The United States Energy Information Administration (USEIA) is a well-trusted source
of information related to energy in the United States (USEIA 2019). The Annual Electric Power
Industry Report is published annually, and it includes several datasets (published in Excel
12

workbooks) that in essence report on electricity sales in the US. We utilized two datasets from
this report: 1) Sales to Ultimate Customers report, which gives total revenue and gigawatt-hours
sold by utility providers to industrial customers, and 2) Service Territory, which lists the counties
serviced by each utility provider. The sales to the ultimate customer’s data allowed us to obtain
an average industrial rate for each provider. Cross-referencing of this data with the Service
Territory data produced the average industrial rate paid by industrial consumers in every county.
Labor costs
The Bureau of Labor Statistics’ (BLS) Quarterly Census of Employment and Wages
program collects data related to wages for multiple industries (BLS 2019). Average weekly
wages for the 1st quarter of 2019 for all manufacturing industries are used to compute an estimate
of labor costs for the prospective mill. Note that though the BLS does collect wage data specific
to sawmills, generic manufacturing wages were used since these figures more accurately
reflected the true cost of labor in a given county. Additionally, the sawmill wage data was only
available for select counties and at the state level. Data of this nature does not allow for accurate
county-to-county comparison.
Timber supply and depletion rates
Timber supply is an important metric for companies to consider when locating a forest
products manufacturing facility, as proper raw material supply is extremely important to the
long-term viability of a plant. Additionally, if timber is in short supply in a given area, the price
of said timber will in all likelihood be higher than an area wherein timber is plentiful. The US
Forest Service (USFS) Forest Inventory and Analysis (FIA) Program is an annual survey of the
forests in the United States (U.S. Forest Service FIA National Program 2019). They revisit and
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collect data at plots that have been permanently established throughout the country, which in turn
allows users to monitor both the growth and removal of forests, in addition to their current status.
These data are free to the public, and the flexible nature of the FIA database query
application allows the user to view the data that are available in a variety of ways. While the data
collected and analyzed by the program is not highly accurate at the micro-scale, it is the only
such data source in existence for the forests of the United States, and thus provides a relative
measure of timber supply for the short and long term. Since FIA data is collected by state
agencies, the year at which the datasets were updated is not consistent from state-to-state.
Regardless, the data still show regional changes in timber supply adequately.
Since sawmills rarely buy timber from only one county, it was decided that the amount of
timber available to a sawmill at a given site should be the amount of timber in that county as well
as every county adjacent to the site being analyzed. This was accomplished by using the county
adjacency file provided by the United States Census Bureau (United States Census Bureau
2018). The county adjacency file was modified in Excel such that the second column contained
every county adjacent to the source county (listed in column one). The VLOOKUP function was
used to quickly find the values for all of the source county’s adjacent counties. By using a Pivot
Table to summarize this data by source county, “wood basket” for each county could be
evaluated. Note that in many cases, a mill may purchase timber from far beyond each county it is
adjacent to. This distance is dependent upon the shape and orientation of the forests within an
affordable distance from the mill and the amount of timber that a given mill will purchase.
The sum of the net growth in a given geographic area divided by the net removals for the
same geographic area yields a ratio that is commonly referred to as the growth-to-drain ratio. Put
simply, in an area with an estimated growth-to-drain ratio of 2.0, two tons of timber are grown
14

for every ton removed. In addition to the volume estimates derived, growth to drain ratios were
estimated for every county’s theorized “wood basket”. In a county with a growth-to-drain ratio
of less than 1, the reciprocal of the value should be calculated to obtain the removal-to-growth
ratio, which is of comparable scale to a positive growth to drain ratio. For instance, if a growthto-drain ratio is calculated as 0.75, it means that 1.33 (i.e.: 1 ÷ 0.75) tons of timber are removed
for every ton grown.
County-level socioeconomic statistics
Statistics regarding the labor force and overall economy of a county are of high interest to
any organization seeking to build a new facility. Therefore, we obtained the Atlas of Rural and
Small-Town America dataset created by the United States Department of Agriculture’s
Economic Research Service (ERS) to aid in showing regional differences in the United States’
workforce and population dynamics (ERS 2019). The dataset is summarized by county, which is
a slight limitation since many mills hire workers outside of the county in which they build, but it
suffices for our analysis.
Data Summary
The above-mentioned data does not comprehensively cover every cost that may be
incurred by a sawmill that chooses to locate a facility in a given county. It does account for many
major costs that vary from site to site, the transportation costs that are paid by customers, and
non-financial metrics that firms consider when locating a plant. The data (and subsequently the
model) does not account for costs such as equipment and construction financing, continued
maintenance, land, taxes, and others. However, costs of this nature do not vary as drastically
from site to site.
15

Methods
Model Composition
To understand this study, the following should be understood about the model’s
composition and the resulting structure.
Once collected from their sources and adequately formatted, all data for the model were
uploaded to an Access Database. This database serves as storage for all relevant data as well as
the user interface for the model. The user defines all relevant model parameters within this
interface and then initiates a “run”. Once initiated, a succession of queries and Visual Basic code
recall the data associated with the county being analyzed, the proforma mill data, and other user
input data (e.g., trucking rates) and compiles them into a text file formatted in Mathematical
Programming System Extended (MPSX) format that is read by a modified MPSX Linear
Programming Solver (Department of Sustainable Bioproducts n.d.). This specifically formatted
file contains the constraint levels and right-hand side (RHS) values as defined in the model
interface. RHS values are simply the values in a linear program that set the initial amount that
will be optimized (i.e., the amount of revenue the sawmill is expected to make from one
truckload). The solver then computes the analysis mill’s optimal lumber shipment allocation and
generates a solution file containing the results. Because the solution file is complex and difficult
to read, it is then automatically uploaded by the Access database and the solution values are
formatted into succinct, easy-to-understand reports.
It is assumed that the firm investigating counties for new facilities already operates a
sawmill in a southeastern county (hereafter “Pro-forma mill/county”) and therefore has data off
which annual cost estimates for the new site (hereafter “analysis mill/county/site) are based. This
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estimation is completed by indexing the proforma mill’s annual cost data as shown in Equation
1.
𝐴𝐶𝑇𝐴𝐶 = (

𝑃𝐶𝐷
) × 𝑃𝐶𝐴𝐶
𝐴𝑀𝐷

(1)

Where ACTAC is annual costs for a given variable in the analysis county, PCD is the Pro-forma
county’s per-unit cost data for a variable (i.e. labor per week), AMD is the analysis county’s perunit cost data for the same variable, and PCAC is the Pro-forma county’s annual costs for the
variable being indexed. The total annual production cost for a mill is equal to the sum of the
ACTAC for labor, raw material, and electricity costs.
The transportation cost figures are derived by estimating the number of trucking miles
that would be required to fulfill the lumber demand in a given area from the county seat of the
county being analyzed and multiplying this figure by a fixed per-mile trucking rate. Also, since
one sawmill cannot feasibly satisfy all of the demand in any reasonably sized lumber market, and
adjusted lumber demand for every market is calculated by deriving that market’s percentage of
the total demand considered in the model, and multiplying this ratio by the production target set
for the analysis mill.
Model Interface
Following is a depiction and explanation of the model’s user interface. The group of
buttons demarcated with the bracket labeled “a.” in Figure 2 are related to the model’s initial
setup. The most important button in this group is the “Generate Options” button which leads to a
menu wherein the user defines many variables specific to the analysis they are conducted. The
“Generate Options” interface can be seen in Figure 3.
17

Figure 2

The main menu of the model interface.

Figure 3

Interface for “Generate Options”

Note that the model uses Equation 1 to index the costs incurred in the Proforma county to those
estimated for the analysis county. If the user wished to avoid using this indexing method and
simply run the model and obtain the estimates, they could simply enter their state and county of
the site being analyzed into both the “Proforma_County”/“Proforma_State” dropdown lists in
addition to the “New_County”/“New_State” dropdown lists. Various other metrics can be
modified in this menu, such as the sales average for lumber sold and the amount of lumber it is
possible to ship on one truck, in MBF.
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All buttons in the group of buttons demarcated with the bracket labeled “b.” in Figure 2
have great importance. “Included Regions”, “View Market Volumes”, “Edit Market Volumes”,
and “Edit Market Regions” are all related to reviewing or modifying the lumber demand data
derived using the NAHB/APA data. The user interface for the “Included Regions” button is
shown in Figure 4.

Figure 4

Interface for “Included Regions”

Here, the user can decide which regions of the US (as defined by the US Census Bureau)
that they intend to ship lumber to from the analysis county. This provides a means for the user to
filter the 381 metropolitan areas that are included since some firms may only ship lumber to
specific regions of the country. Within this interface, the user can also select which unit of
demand they intend to use in the allocation of shipments (i.e. housing starts, lumber demand, or
population). The “Edit Market Volumes” menu should be used when demand numbers not
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included in the model, such as figures estimated by a firm, which are a more accurate
representation of demand the new mill is intended to serve.
The three most important buttons in both the “c” and “d” groupings in Figure 2 are
“Generate Matrix”, “View P&L” (Profit and Loss Statement), and “View Shipments”. Clicking
“Generate Matrix” runs the linear programming model and develops a solution file showing
optimal shipment levels and providing estimates of profits and costs. Due to the complex nature
of this solution file, additional steps have been taken to summarize the estimates into concise
reports. These reports can be viewed by clicking “View P&L” or “View Shipments”.
Analysis structure
The application and distinctiveness of this research are best exemplified by carrying out
an analysis for several counties across different southeastern states and comparing the results to
results from Mississippi counties. One county was chosen from nine southeastern states for
comparison to a selection of three Mississippi counties. Multiple Mississippi counties were
chosen since the objective of this study was to evaluate Mississippi’s ability to compete with
neighboring states concerning manufacturing costs, and analyses on multiple Mississippi
counties provides a better understanding of which areas of the state are better poised to support
new SYP sawmills. All counties analyzed are listed in Table 1.
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Table 1

Counties analyzed

State
County
Alabama
Marion
Arkansas
Bradley
Florida
Taylor
Georgia
Lincoln
Louisiana
Caldwell
South Carolina
Williamsburg
Texas
Polk
Virginia
Franklin
North Carolina
Moore
Mississippi
Clarke
Mississippi
Amite
Mississippi
Scott
*A Tennessee county is not included because Tennessee did not receive investments into the
softwood lumber manufacturing industry.
The non-Mississippi counties were chosen based on lumber manufacturing industry investments
that were recently announced near them. The Mississippi counties were chosen based on a map
(Appendix B) produced by the Mississippi Forestry Commission (MFC) that indicated that large
surpluses of softwood timber were available in and around these counties relative to other areas
of the state.
As each analysis that is completed is based on a Pro-forma county in which it is assumed
the prospective firm currently operates. For this study, Coosa County, Alabama was chosen as
the Pro-forma county. Coosa is near to the center of the SYP growing region, which makes it a
desirable candidate for the other analyses to be based on. The SYP growing regions are shown in
Figure 8 in Appendix C. Provided that the same Pro-forma county, Pro-forma sawmill metrics,
and shipment regions are used when completing and comparing model runs, the Pro-forma
county selected does affect results because relative differences in production and shipping costs
are consistently reflected regardless of the proforma county. For this analysis, demand points
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within the following census regions will be served by the analysis mill: East North Central, East
South Central, South Atlantic, West North Central, West Southern Central. These regions
include 248 demand points with an estimated total lumber demand exceeding 7.5 billion board
feet. See Appendix A for a map that depicts these regions. The figures used for the Pro-forma
sawmill were derived using a mixture of industry standards and averages from the model data,
and they are listed in Table 2.
Table 2

Metrics for the Pro-forma sawmill in Coosa County, Alabama
Metric (Unit)
Annual Production (MBF)
Lumber Sale Price (Dollars per MBF)
Total Lumber Sales Revenue (Dollars)
Workforce Size (Employees)
Operating Weeks per year (Weeks)
Labor Costs (Dollars)
Raw Material Requirements (Tons)
Raw Material Costs (Dollars)
Electricity Costs (Dollars)
Trucking Cost per Mile (Dollars)
Shipping volume per truck (MBF)
Sales from Residuals (Dollars)
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Amount
200,000
$375.00
$75,000,000
125
50
$6,475,875
800,000
$33,808,000
$2,090,373
$2.25
22.0
$9,408,000

CHAPTER III
RESULTS
Once the model had been run for all 12 counties being considered, results were manually
compiled to Table 3 from the P&L statements generated by the model, which can be found in
Appendix D.
Table 3

Summary of annual production costs for sites analyzed

Total Annual
Production Costs
AL
Marion
33.808
1.7981
6.580
42.186
2
AR
Bradley
32.512
2.020
7.062
41.594
FL
Taylor
36.328
2.372
9.844
48.544
1
GA
Lincoln
35.016
2.474
4.960
42.450
LA
Caldwell
33.184
2.810
5.4862
41.4803
NC
Moore
34.896
2.144
6.790
43.830
SC
Williamsburg
34.880
1.8903
8.102
44.872
TX
Polk
34.040
1.986
10.326
46.352
1
2
VA
Franklin
27.712
1.872
6.098
35.6821
T3
3
MS
Clarke
33.032
2.180
5.512
40.7242
MS
Amite
33.032T3
2.378
7.342
42.752
T3
MS
Scott
33.032
2.012
7.008
42.052
1
2
*Figures in million US Dollars. indicates the lowest cost for a variable, indicates the secondlowest-cost, and 3 indicates the third lowest cost. In the event of a tie, T is used.
State

County

Raw Materials Electricity

Labor

The lowest-cost timber was available at the Franklin County, Virginia site. The Bradley
County, Arkansas site was the second cheapest, and the three Mississippi sites were the third
cheapest. The most inexpensive electricity was available in Marion County Alabama, with
Franklin County Virginia and Williamsburg County, South Carolina being second and third
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respectively. Lincoln County Georgia offered the lowest costs for labor, Caldwell Parish,
Louisiana offered the second lowest costs, and Clarke County, Mississippi offered the third
lowest costs for labor. The summation of all three costs for each site revealed that the most
affordable site would be the Franklin County, Virginia site ($35.682 million/year), followed by
the Clarke County, Mississippi site. ($40.724 million/year), which was followed by the Caldwell
Parish, Louisiana site ($41.480 million USD/year).
The average cost per load and average miles per trip are shown in Figure 5. While these
are paid by the customer, they still have key implications as to the vitality of a facility competing
in the lumber industry.

Figure 5

Average lumber transportation costs and hauling distances paid by customers by
prospective mill location
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Detailed reports showing each analysis mill’s shipments to every activated market have
been included in the supplemental file titled “All Shipping Reports”.
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CHAPTER IV
DISCUSSION AND CONCLUSION
Discussion
Model results suggest that sites in Mississippi are worthwhile locations for a firm seeking
to build a large SYP sawmill. The production cost values estimated for the Mississippi sites
(Table 3) were comparable to those of neighboring states, and in some cases lower than values
for adjacent states such as Alabama and Louisiana. The site in Clarke County, Mississippi was
the second-most-affordable site in terms of total production costs for all 12 counties analyzed.
Assuming the shipment allocation combination used in the analysis, all three of the Mississippi
sites held transportation advantages over the other southeastern sites excluding the Marion
County, Alabama site.
These results directly contradict the data presented in Figure 1 which suggests that a
majority of forest products manufacturing firms have determined that Mississippi is an
undesirable location for their capital investments. This inconsistency suggests the following: 1)
the attributes of Mississippi which deterred forest products industry investment were not
financial 2) firms have avoided Mississippi due to a financial metric not assessed by this model,
or 3) stakeholders in other southeastern states were more successful in the recruitment of forest
products industry investments through the promotion of the advantages of building facilities
there, and therefore received a higher proportion of the total investments over the study period
considered in Figure 1
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A variety of opportunities exist for future research using this model. It would be possible
to investigate facility location problems for industries beyond the SYP lumber industry by
completing simple adjustments to the cost data and demand data. The model could then easily be
used to do similar analyses to those discussed in this work for prospective pellet mills, oriented
strand board mills, or other types of facilities. It is also possible to add the annual production
volumes and costs for all the southeastern counties in which they operate thereby producing
results that account for the transportation advantages maintained by each sawmill in the
company. This function of the model is still largely under development but it has shown promise
in early testing.
Conclusion
Forest products industry capital investments have not been equivalent from state to state
over the past 5 years. States neighboring Mississippi received double and triple the amounts of
capital investment over the same period, despite Mississippi boasting some features that should
be very attractive to industry investors. As such, stakeholders in Mississippi need a model that is
capable of objectively showing the advantages and disadvantages of locating a SYP sawmill in
Mississippi. Such a model has been developed using county-level data related to timber prices,
labor costs, electricity costs, and comparative advantages due to geographical locations. Model
results for three Mississippi counties were compared with congruent results from nine other
southeastern states, and the Mississippi results were highly competitive with the results from
neighboring states. In addition to this, Mississippi held a transportation advantage over every
county except the county in Alabama. This suggests that Mississippi’s lack of capital investment
into the forest products industry is not purely a function of production cost levels, but that some
unidentified variable has been deterring investments.
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APPENDIX A
MODEL DEMAND POINTS AND CENSUS REGIONS
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Figure 6

Model demand points and US census regions
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APPENDIX B
MISSISSIPPI’S SOFTWOOD TIMBER STATUS
AS OF 2019
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Figure 7

Status of Mississippi’s softwood (i.e. SYP) timber

*Map courtesy of Dr. Brian Mitchell, GIS Program Director at the Mississippi Forestry
Commission
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APPENDIX C
SOUTHERN PINE GROWING REGIONS
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Figure 8

Growing regions for southern yellow pine (SYP)
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APPENDIX D
PROFIT AND LOSS STATEMENTS FOR MILL SITES ANALYZED
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